Intrinsically directed pruning as a mechanism regulating the elimination of transient collateral pathways.
In neonatal cats, neurons in frontoparietal areas of the cerebral cortex have axons which branch, some collaterals project transiently to the cerebellum, whereas others project by way of the pyramidal tract to the brainstem and spinal cord and persist into the adult. If cerebrocerebellar collaterals are eliminated simply because they are exuberant, then experimentally removing the collaterals in the pyramidal tract should cause the normally ephemeral projections to the cerebellum to persist. To test this hypothesis, the pyramidal tract was cut unilaterally at the pontomedullary junction in 5-9-postnatal-day-old (PND) cats, and 35-68 days later the frontoparietal cortex ipsilateral to the pyramidotomy was injected with tritiated amino acids. From the end of the lesioned pyramidal tract, labeled axons were traced into pathways that descended aberrantly into the caudal medulla and spinal cord, but there was never any transported label in the cerebellum. In a second series of experiments, the fluorescent dye Fast blue (FB) was injected into the spinal cord (2-5 PND) prior to cutting the contralateral pyramidal tract (9-12 PND) to determine if the pyramidotomy caused the axotomized cortical neurons to die. There were no neurons labeled with FB in the frontoparietal cortex on the side of the pyramidotomy, but many retrogradely labeled neurons were present contralaterally in the cortex, suggesting that the pyramidotomy caused the death of all axotomized cortical neurons. In a final set of experiments, FB was injected into the spinal cord and the cerebellar cortex was ablated (2-3 PND) prior to cutting the pyramidal tract (9-72 PND). Cerebellar decortication results in the persistence of cerebrocerebral projections to the partially deafferented deep nuclei, therefore injections of Nuclear yellow (NY) or Diamidino yellow (DY) were made later (32-86 PND) into the cerebellar nuclei on the side of the decortication to determine if these projections persist in pyramidotomized cats. After pyramidotomies at 9 PND, there were no neurons labeled with fluorescent dyes in the ipsilateral frontoparietal cortex, indicating that the cerebrocerebellar collaterals, even under experimental conditions which normally cause them to persist, could not sustain the axotomized cortical neurons. Pyramidotomies at 24 PND or later did not cause all axotomized neurons to die since neurons labeled with FB were present in the ipsilateral cortex. These findings suggest that during development of corticosubcortical pathways there is a hierarchical.(ABSTRACT TRUNCATED AT 400 WORDS)